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LASER ABLATED ELASTOMER SHEATH 
PROFILES TO ENABLES STENT 

SECUREMENT 

FIELD OF THE INVENTION 

This invention relates to an assembly and method for deliv 
ering and deploying an expandable medical device, particu 
larly Within a lumen of a body vessel. More speci?cally, this 
invention relates to stent securement devices, most notably, 
sheaths positioned betWeen the balloon and the stent. 

BACKGROUND OF THE INVENTION 

Percutaneous transluminal coronary angioplasty (PTCA) 
is a procedure that is Well established for the treatment of 
blockages, lesions, stenosis, thrombus, etc. present in body 
lumens such as the coronary arteries and/or other vessels. 
A Widely used form of percutaneous coronary angioplasty 

makes use of a dilatation balloon catheter, Which is intro 
duced into and advanced, through a lumen or body vessel 
until the distal end thereof is at a desired location in the 
vasculature. Once in position across an a?licted site, the 
expandable portion of the catheter, or balloon, is in?ated to a 
predetermined siZe With a ?uid at relatively high pressures. 
By doing so the vessel is dilated, thereby radially compress 
ing the atherosclerotic plaque of any lesion present against the 
inside of the artery Wall, and/or otherWise treating the 
a?licted area of the vessel. The balloon is then de?ated to a 
small pro?le so that the dilatation catheter may be WithdraWn 
from the patient’s vasculature and blood ?oW resumed 
through the dilated artery. 

In angioplasty procedures of the kind described above, 
there may be restenosis of the artery, Which either necessitates 
another angioplasty procedure, a surgical by-pass operation, 
or some method of repairing or strengthening the area. To 
reduce restenosis and strengthen the area, a physician can 
implant an intravascular prosthesis for maintaining vascular 
patency, such as a stent, inside the artery at the lesion. 

Stents, grafts, stent-grafts, vena cava ?lters, expandable 
frameworks, and similar implantable medical devices, collec 
tively referred to hereinafter as stents, are radially expandable 
endoprostheses Which are typically intravascular implants 
capable of being implanted transluminally and enlarged radi 
ally after being introduced percutaneously. Stents may be 
implanted in a variety of body lumens or vessels such as 
Within the vascular system, urinary tracts, bile ducts, fallo 
pian tubes, coronary vessels, secondary vessels, etc. Stents 
may be used to reinforce body vessels and to prevent resteno 
sis folloWing angioplasty in the vascular system. They may be 
self-expanding, such as a nitinol shape memory stent, 
mechanically expandable, such as a balloon expandable stent, 
or hybrid expandable. 

Prior to delivery a stent or stents may be retained on a 

portion of the delivery catheter by crimping the stent onto the 
catheter, retaining the stent in a reduced state about the cath 
eter With a removable sheath, sleeve, sock or other member or 
members, or by any of a variety of retaining mechanisms or 
methods. Some examples of stent retaining mechanisms are 
described in US. Pat. No. 5,681,345; US. Pat. No. 5,788, 
707; US. Pat. No. 5,968,069; US. Pat. No. 6,066,155; US. 
Pat. No. 6,096,045; US. Pat. No. 6,221,097; US. Pat. No. 
6,331,186; US. Pat. No. 6,342,066; US. Pat. No. 6,350,277; 
US. Pat. No. 6,443,880; and US. Pat. No. 6,478,814. 
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2 
It is desirous to provide for a stent delivery system Which 

has the capability to both deliver and seat a stent, While also 
providing the catheter With a desired loW pro?le prior to 
delivery. 

All US patents, applications and all other published docu 
ments mentioned anyWhere in this application are incorpo 
rated herein by reference in their entirety. 

Without limiting the scope of the invention a brief sum 
mary of some of the claimed embodiments of the invention is 
set forth beloW. Additional details of the summarized embodi 
ments of the invention and/ or additional embodiments of the 
invention may be found in the Detailed Description of the 
Invention beloW. 
A brief abstract of the technical disclosure in the speci? 

cation is provided as Well only for the purposes of complying 
With 37 CFR 1.72. The abstract is not intended to be used for 
interpreting the scope of the claims. 

BRIEF SUMMARY OF THE INVENTION 

The present invention is particularly concerned With stent 
securement and the delivery and deployment of expandable 
stents. Some embodiments of the invention are directed to 
catheters and catheter assemblies having an expandable 
medical balloon mounted on its distal end. An elastic sheath is 
positioned about the expandable medical balloon and an 
expandable medical device, such as a stent, is mounted onto 
the sheath. The outer surface of the sheath includes a secure 
ment mechanism, Which engages the loaded stent. 

In at least one embodiment, the outer surface of the sheath 
includes a plurality of notches, Which are cut into the sheath. 
The notches are cut at an angle, such that circumferential 
blades are formed. The blades may engage the loaded stent, 
providing axial securement. 

In at least one embodiment, the outer surface of the sheath 
includes a plurality of circumferential ribs. The ribs may be 
integral With the sheath material or be bonded to the sheath. 
The ribs may engage the loaded stent, providing axial secure 
ment. In some embodiments the stent securement mechanism 
(s) minimize or eliminate axial movement of the stent While 
permitting rotational movement of the stent about the sheath. 

In at least one embodiment, the outer surface of the sheath 
includes stent retention strips or patches. The strips or patches 
may engage the loaded stent, providing axial and/ or circum 
ferential securement. The sheath may also have memory char 
acteristics, such that, When it is in its relaxed state, it takes on 
an accordion con?guration. A relaxed state is the state that the 
sheath is in When there are no external forces on sheath other 
than ambient forces. When in its accordion con?guration, the 
stent retention strips or patches are predominately exposed 
relative to the outer surface of sheath Which is not covered 
With strips or patches. 

These and other embodiments Which characteriZe the 
invention are pointed out With particularity in the claims 
annexed hereto and forming a part hereof. HoWever, for a 
better understanding of the invention, its advantages and 
objectives obtained by its use, reference should be made to the 
draWings Which form a further part hereof and the accompa 
nying descriptive matter, in Which there is illustrated and 
described embodiments of the invention. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING(S) 

A detailed description of the invention is hereafter 
described With speci?c reference being made to the draWings. 
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FIG. 1 shows a partial cross-sectional vieW of an embodi 
ment of the invention. 

FIG. 2 shows a partial cross-sectional vieW of an embodi 
ment of the invention. 

FIG. 3 shoWs a cross-sectional vieW of an embodiment of 
the sheath of the present invention. 

FIG. 4 shoWs a cross-sectional vieW of a portion of an 
embodiment of the sheath of the present invention. 

FIG. 5 shoWs a cross-sectional vieW of the embodiment of 
FIG. 3 along lines 5-5. 

FIG. 6 shoWs a side vieW of an embodiment of the sheath of 
the present invention. 

FIG. 7 shoWs a cross-sectional vieW of an embodiment of 
the sheath of the present invention. 

FIG. 8 shoWs a side vieW of an embodiment of the sheath of 
the present invention. 

FIG. 9 shoWs a side vieW of an embodiment of the sheath of 
the present invention. 

FIG. 10 shoWs a cross-sectional vieW of a portion of an 
embodiment of the sheath of the present invention. 

FIG. 11 shoWs a cross-sectional vieW of a portion of an 
embodiment of the sheath of the present invention. 

FIG. 12 shoWs a cross-sectional vieW of the embodiment of 
FIG. 8 along lines 12-12. 

DETAILED DESCRIPTION OF THE INVENTION 

While this invention may be embodied in many different 
forms, there are described in detail herein speci?c embodi 
ments of the invention. This description is an exempli?cation 
of the principles of the invention and is not intended to limit 
the invention to the particular embodiments illustrated. 

For the purposes of this disclosure, like reference numerals 
in the ?gures shall refer to like features unless otherWise 
indicated. 

Depicted in the ?gures are various aspects of the invention. 
Elements depicted in one ?gure may be combined With, or 
substituted for, elements depicted in another ?gure as desired. 

In at least one embodiment of the invention, an example of 
Which is shoWn in FIGS. 1-2, the distal end portion 10 of a 
catheter assembly is shoWn. The distal end portion 10 
includes a catheter shaft 12 and a medical balloon 14 mounted 
thereon. FIG. 1 illustrates the medical balloon 14 in its con 
tracted state and FIG. 2 illustrates the medical balloon 14 in 
its expanded state. As shoWn in FIG. 2, the medical balloon 14 
has a proximal Waist 16 and cone 18 and a distal Waist 20 and 
cone 22. The Waists 16, 20, of the medical balloon 14 are 
bonded to the catheter shaft 12 at points 24 and 26 via adhe 
sion, chemical and/or thermal Welding, mechanical engage 
ment, etc. 

It should be understood that the present invention contem 
plates using other balloon mounted catheter con?gurations, 
as Well as folding balloons, Which are Well knoWn in the art. 
The Workings of such balloon catheters are Well knoWn in the 
art. 

As shoWn in FIGS. 1-2, a sheath 28 is situated about the 
medical balloon 14. The sheath 28 has a proximal end 30 and 
a distal end 32. A stent 34 is, in turn, mounted onto the sheath 
28. The sheath 28 may vary in length. It may be as long as the 
stent 34, shorter than the stent 34 or it may extend over the 
cones 18, 22, or the Waists 16, 20. 

The sheath 28 has elastic characteristics alloWing it to 
expand With the medical balloon 14 as the balloon 14 is 
expanded, typically under pressure. The sheath 28 conforms 
in its relaxed state to the balloon 14 in its contracted state. 
When the internal balloon pressure is reduced after expansion 
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4 
of the balloon 14, the constricting elastic sheath 28 collapses 
the balloon to a reduced pro?le. 
The sheath 28 may be made by conventional means, 

including extrusion. Suitable sheath 28 materials include, but 
not limited to, bio-compatible materials having elastic prop 
erties suitable for conformance and function. The sheath 28 is 
thin and may have a thickness range from 0.001" to 0.002". 

FIG. 3 shoWs a longitudinal cross-section of the sheath 28 
With a stent 34 mounted thereon. In one particular embodi 
ment, as shoWn, the sheath 28 has notches 36 in its outer 
surface. As shoWn in FIG. 4, the notches 36 may be cut into 
the sheath 28 at an angle relative to a radial notch, Which 
Would be a notch Which is cut at a perpendicular angle relative 
to the outer surface 42 of the sheath 28, such that a blade 38 is 
produced. As can be seen, the blade 38 has a barb-like cross 
sectional pro?le terminating in an edge 39. This edge 39 
engages struts or cross sections of a stent. As shoWn at point 
40, the blades 38 may engage the mounted stent 34. 
The notches 36 may be created via conventional mechani 

cal means or by an ablation process, such as, but not limited 
to, UV laser ablation and chemical etching. Some examples 
of the use of laser ablation in the area of medical devices such 
as catheters are shoWn and described in Us. Pat. No. 5,826, 
588, the entire content of Which is incorporated herein by 
reference. 
The present invention also contemplates methods of 

imparting various pro?les and patterns into sheaths 28 via 
ablation to provide stent securement. The outer surface of the 
sheath 28 may be selectively textured to provide various 
patterns of notches and/or bumps. The sheath 28 may be 
ablated prior to mounting it on the catheter or after it has been 
mounted. 

In the design shoWn, axial stent securement is provided by 
the engagement betWeen the stent 34 and the notches 36, but 
circumferential rotation is permitted, in this particular 
embodiment, due to the circumferential symmetry of the 
notches 36 around the sheath 28. 
The notches 36 may be circumferentially situated around 

the sheath 28 and may be randomly or uniformly spaced on 
the length of the sheath 28. The angle of the notches 28 may 
be unidirectional, such that the blades 38 are pointing in the 
same direction relative to the outer surface 42 of the sheath 
28. The blades 38 may also be multidirectional in a random 
fashion or in a patterned or uniform fashion. FIG. 3 illustrates 
a con?guration, Wherein a plurality of blades 38 are directed 
in a ?rst direction 44 and a plurality of blades 38 are directed 
in a second direction 46, Wherein the ?rst 44 and second 46 
directions are opposingly oriented relative to a plane Which is 
perpendicular to the outer surface 42 of the sheath 28. FIG. 3 
shoWs a sheath 28 With three blades 38, 44, pointing in one 
direction and three blades 38, 46, pointing in an opposing 
direction. It should be understood that the angle betWeen the 
?rst direction and the perpendicular plane and the angle 
betWeen the second direction and the perpendicular plane 
may not be equal. It should also be understood that the blades 
44, 46, may also extend in directions Which are aWay from one 
another. It also should be understood that the notches may be 
cut in a very shalloW fashion, such that the blades are ?aps 
pointing doWn the length of the sheath. 

FIG. 5 shoWs a cross-sectional vieW of the embodiment 
shoWn in FIG. 3 along lines 5-5. In an embodiment of inven 
tion, the sheath 28 may have a seam 48 at least partly or 
entirely along its length. The seam 48 is used to secure the 
sheath 28 to the balloon 14. If desired, the longitudinal seam 
48 may connect the sheath to the balloon 14 to prevent the 
sheath 28 and stent 34 from rotating about the balloon 14 and 
prevent the sheath 28 and stent 34 from slipping along the 
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length of the balloon 14. However, the sheath 28 and stent 24 
may remain unattached to the balloon 14 so they may rotate 
around the balloon. 

The inner surface 50 of the sheath 28 in the various embodi 
ments disclosed herein may be coated With a hydrophilic 
and/or lubricious coating in order to reduce or limit friction 
betWeen the sheath 28 and the balloon 14, as the balloon 
expands or contracts. The sheath 28 may also be a?ixed to the 
balloon 14 along longitudinal lines or points to prevent axial 
slippage of the sheath 28 over the balloon 14. The connection 
betWeen the sheath 28 and the balloon may be achieved via 
adhesion, Welding, intentional lack of lubricant, exposure to 
heat, moisture, pressure changes or ETO steriliZation to 
selective portions, etc. 

FIGS. 6-7 illustrate a further embodiment of an alternative 
external sheath 28 pro?le. FIG. 6 shoWs a side vieW of the 
sheath 28 and FIG. 7 shoWs a cross-sectional vieW of the 
sheath 28 about a balloon 14 With a stent 34 mounted thereon. 

In this particular embodiment, the sheath 28 has circumfer 
ential ribs 52 longitudinally spaced along the length of the 
sheath 28. The spacing may be uniform, patterned or random. 
As With the embodiment shoWn in FIG. 3, the ribs may be 
fully or partially circumferential and may be integral With the 
sheath 28 material. The ribs 52 engage the stent 34 and pro 
vide resistance to axial movement, While alloWing circumfer 
ential or rotational movement of the stent. 

Providing the catheter assembly With a sheath 28, Which 
alloWs the stent 34 to readily or freely rotate thereabout is of 
particular usefulness in assemblies Wherein the stent is 
deployed at a bifurcation of vessels. By providing a mecha 
nism Whereby the stent is rotatable about the sheath prior to 
deployment, alloWs the assembly, using a variety of tech 
niques, to rotationally align a side branch opening of the stent 
With a side branch vessel. 

Examples of stent delivery systems that illustrates the ben 
e?ts of such rotatability for the delivery of stent to a vessel 
bifurcation are shoWn and described in: 
US. patent application Ser. No. l0/375,689, ?led Feb. 27, 

2003 and US. patent application Ser. No. 10/657,472, ?led 
Sep. 8, 2003 both of Which are entitled Rotating Balloon 
Expandable Sheath Bifurcation Delivery; US. patent appli 
cation Ser. No. l0/747,546, ?led Dec. 29, 2003 and entitled 
Rotating Balloon Expandable Sheath Bifurcation Delivery 
System; US. patent application Ser. No. l0/757,646, ?led 
J an. 13, 2004 and entitled Bifurcated Stent Delivery System; 
and US. patent application Ser. No. l0/784,337, ?led Feb. 23, 
2004 and entitledApparatus and Method for Crimping a Stent 
Assembly; the entire content of each of Which are incorpo 
rated herein by reference. 

Embodiments of the present invention can be incorporated 
into those shoWn and described in the various references cited 
above. Likewise, embodiments of the inventions shoWn and 
described therein can be incorporated herein. 

In the embodiments shoWn in FIGS. 6-7, the ribs 52 may be 
formed from a piece of tubing via conventional mechanical 
means or by an ablation process, such as, but not limited to, 
UV laser ablation or chemical etching. The ribs 52 may also 
be elastic rings bonded to the sheath 28 or take the form of a 
build up of adhesive. The ribs 52 of the embodiments may 
also be coated With an adhesive or a tacky substance. 

FIGS. 8-12 illustrate a further embodiment of the inven 
tion. In the embodiments shoWn, the sheath 28 includes stent 
retention strips or patches 56, 58, to aid in securement of the 
stent 34, When the stent 34 is crimped onto the sheath 28. The 
stent retention strips or patches 56, 58, are positioned on the 
sheath such that, When the balloon 14, sheath 28 and stent 34 
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6 
are expanded, the relative stent retention area decreases and 
enables the stent 34 to be deployed. 

FIGS. 8-9 and 10 shoW the sheath 28 in its expanded, 
tubular form. That being the shape the sheath 28 takes When 
the balloon 14 is in its expanded state. The sheath 28 may have 
a plurality of stent retention strips 56 longitudinally aligned 
along the length of the sheath 28. As can be seen in FIG. 9, the 
stent retention strip 56 may be replaced With isolated patches 
58. The stent retention strips 56 or patches 58 are surfaces 
Which have a higher coe?icient of friction relative to the 
remaining surface. This textured surface may be imparted on 
the sheath 28 via the application of adhesive, selective grind 
ing, roughening or scoring, including surface scoring via 
laser ablation, etc. 

FIGS. 10-11 shoW a ?at cross-sectional pro?le of the 
sheath shoWn in FIG. 8. In these ?gures, the sheath 28, as 
shoWn in FIG. 8, is unWrapped from its tubular shape and 
?attened out. As shoWn in FIG. 10, When the sheath 28 is in its 
relaxed state, it takes on an accordion pro?le. FIG. 11 shoWs 
the sheath When it’s stretched out. In the accordion con?gu 
ration, the stent retention strips 56 are prominently exposed 
on the outer side, Which Would be exposed to the stent 34. 
When the sheath 28 is Wrapped around and attached to the 
balloon 14 When it is in its contracted state, the outer exposed 
surface of the sheath 28 is dominated by the stent retention 
strips 56 so as to provide greater securement for the mounted 
stent 34. When the balloon 14 is expanded, the sheath 28 is 
stretched out, losing its accordion con?guration, as shoWn in 
FIG. 12. The accordion shape may be created through preci 
sion mechanical mass removal, laser ablation, controlled 
compression or buckling of the polymer tube after mass 
removal, etc. 

Balloon 14 may be a typical angioplasty, stent delivery 
balloon or other in?atable member Which may be used or 
incorporated into a catheter assembly. The balloon 16 may be 
constructed of any suitable balloon material knoWn to those 
of skill in the art. Commonly employed materials include the 
thermoplastic elastomeric and non-elastomeric polymers and 
the thermosets including the moisture curable polymers. 
Examples of suitable materials include but are not limited to, 
polyole?ns, polyesters, polyurethanes, polyamides, polyim 
ides, polycarbonates, polyphenylene sul?des, polyphenylene 
oxides, polyethers, silicones, polycarbonates, styrenic poly 
mers, polytetra?ouroethylene, copolymers thereof, and mix 
tures thereof. Some of these classes are available both as 
thermosets and as thermoplastic polymers. 

In some embodiments the stent or other portion of the 
assembly, including the sheath 28, may include one or more 
areas, bands, coatings, members, etc. that is (are) detectable 
by imaging modalities such as X-Ray, MRI or ultrasound. In 
some embodiments at least a portion of the stent, sheath 
and/or adjacent assembly is at least partially radiopaque. 

In the various embodiments described herein, the catheter 
assembly 10 may be a ?xed Wire catheter or any other catheter 
design. In the embodiment depicted in FIGS. 1 and 2, for 
example, the catheter 10 is an over the Wire design, Wherein 
the catheter shaft 12 de?nes a primary guideWire lumen 13 
along Which a primary guideWire 15 may be advanced. 

In operation, the guideWire 15 of the present invention is 
initially advanced through a vessel to a target location. By 
advancing the catheter assembly 10 along the guideWire 15, 
the stent 34 carrying balloon 14 is positioned at the target site. 
Once the stent 34 is delivered, the balloon 16 is de?ated and 
the assembly is WithdraWn from the vessel. 
A therapeutic agent may be placed on the stent 34 and/or 

the sheath 28 in the form of a coating. Often the coating 
includes at least one therapeutic agent and at least one poly 
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mer. A therapeutic agent may be a drug or other pharmaceu 
tical product such as non-genetic agents, genetic agents, cel 
lular material, etc. Some examples of suitable non-genetic 
therapeutic agents include but are not limited to: anti-throm 
bogenic agents such as heparin, heparin derivatives, vascular 
cell growth promoters, groWth factor inhibitors, Paclitaxel, 
etc. Where an agent includes a genetic therapeutic agent, such 
a genetic agent may include but is not limited to: DNA, RNA 
and their respective derivatives and/or components; hedge 
hog proteins, etc. Where a therapeutic agent includes cellular 
material, the cellular material may include but is not limited 
to: cells of human origin and/ or non-human origin as Well as 
their respective components and/or derivatives thereof. 
Where the therapeutic agent includes a polymer agent, the 
polymer agent may be a polystyrene-polyisobutylene-poly 
styrene triblock copolymer (SIBS), polyethylene oxide, sili 
cone rubber and/ or any other suitable substrate. 

The above materials throughout the application are 
intended for illustrative purposes only, and not as a limitation 
on the scope of the present invention. Suitable polymeric 
materials available for use are vast and are too numerous to be 

listed herein and are knoWn to those of ordinary skill in the art. 
The above disclosure is intended to be illustrative and not 

exhaustive. This description Will suggest many variations and 
alternatives to one of ordinary skill in this art. All these 
alternatives and variations are intended to be included Within 
the scope of the claims Where the term “comprising” means 
“including, but not limited to”. Those familiar With the art 
may recogniZe other equivalents to the speci?c embodiments 
described herein Which equivalents are also intended to be 
encompassed by the claims. 

Further, the particular features presented in the dependent 
claims can be combined With each other in other manners 
Within the scope of the invention such that the invention 
should be recogniZed as also speci?cally directed to other 
embodiments having any other possible combination of the 
features of the dependent claims. For instance, for purposes of 
claim publication, any dependent claim Which folloWs should 
be taken as alternatively Written in a multiple dependent form 
from all prior claims Which possess all antecedents refer 
enced in such dependent claim if such multiple dependent 
format is an accepted format Within the jurisdiction (e.g. each 
claim depending directly from claim 1 should be alternatively 
taken as depending from all previous claims). In jurisdictions 
Where multiple dependent claim formats are restricted, the 
folloWing dependent claims should each be also taken as 
alternatively Written in each singly dependent claim format 
Which creates a dependency from a prior antecedent-possess 
ing claim other than the speci?c claim listed in such depen 
dent claim beloW. 
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With this description, those skilled in the art may recogniZe 

other equivalents to the speci?c embodiment described 
herein. Such equivalents are intended to be encompassed by 
the claims attached hereto. 

The invention claimed is: 
1. A catheter assembly comprising: 
a catheter, the catheter having a proximal portion and a 

distal portion; 
a medical balloon coaxially mounted on the distal portion 

of the catheter, the medical balloon comprising a proxi 
mal Waist, a proximal cone, a distal Waist, a distal cone 
and a body portion, Wherein the body portion is posi 
tioned betWeen the proximal and distal cones, the bal 
loon having a reduced diameter state and an expanded 
diameter state; 

a sheath, the sheath being tubular and being coaxially 
mounted about at least a portion of the body portion of 
the medical balloon, Wherein the sheath comprises a 
tubular body and is elastic, such that it stretches With the 
medical balloon as the balloon is expanded from its 
reduced diameter state to its expanded diameter state, 
the sheath having an inner surface and an outer surface 
and comprising a plurality of ribs radially extending 
from the outer surface, each rib extending in a circum 
ferential direction completely around the sheath; and 

a medical device mounted about the sheath, the medical 
device having a reduced diameter con?guration and an 
expanded diameter con?guration. 

2. The catheter assembly of claim 1, Wherein the medical 
device is a single luminal stent or a bifurcated stent. 

3. The catheter assembly of claim 1, Wherein the ribs pre 
vent axial movement of the medical device, but alloW circum 
ferential movement. 

4. The catheter assembly of claim 2, Wherein the medical 
device is a bifurcated stent, the catheter assembly being 
arranged and constructed, such that the bifurcated stent may 
be manually rotated about the catheter, When the bifurcated 
stent is in reduced diameter con?guration. 

5. The catheter assembly of claim 4, Wherein the catheter 
assembly is constructed and arranged, such that the sheath is 
rotatable. 

6. The catheter assembly of claim 4, Wherein the catheter 
assembly is constructed and arranged, such that the stent is 
rotatable about the sheath. 

7. The catheter assembly of claim 1, Wherein the sheath is 
?xed relative to the medical balloon. 


